Changes in arterial pressure were recorded during and after forced straining (Valsalva's maneuver) in 29 patients with emphysema. The response in these patients differed greatly from that found in normal subjects and in patients with cardiac disease. Additional physiologic data did not serve to define the mechanisms of this unique response in emphysema to forced straining. R ECENTLY there has been a renewed interest in the physiologic effects of forced straining (Valsalva's maneuver). Particular emphasis has been placed on the blood pressure changes during and immediately after forced straining in an attempt to define more accurately the diagnosis of certain circulatory abnormalities, particularly hemodynamically significant mitral stenosis and the presence of congestive failure.1-7 Little attention has been given to the manner in which pulmonary disease modifies the response to straining. The purpose of this paper is to present data obtained from observing circulatory changes during and immediately after Valsalva's maneuver in patients with pulmonary emphysema and to contrast these changes with responses in patients with normal and diseased hearts. The "emphysema response" is unique and to our knowledge has not been described except in our recent preliminary report.8 HISTORIC BACKGROUND In an excellent historical review Dawsons summarized the early studies on the use of forced straining for investigation of various cardiovascular problems. Valsalva (1666Valsalva ( -1723 is credited with the earliest description of the effect of forced straining on the circulation. In 1850, Weber described the effect of "chest compression" and noted syncope and convulsions after a particularly vigorous effort on his part. Approximately 35 years ago, Flack and From the
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In 1936, Hamilton and co-workers11 divided the response to forced straining into 4 phases, a division subsequently utilized by others2 in the diagnosis of "dynamically significant" mitral stenosis: (I) During the initial straining period a rise in the systolic and diastolic blood pressures; (II) as straining continues a gradual fall in systolic, diastolic, and pulse pressures; (III) immediately after cessation of straining a marked drop in systolic and diastolic pressures; (IV) within a few beats an increase ili systolic and diastolic pressures to greater than control levels immediately followed by bradycardia.
Particular attention has been given to the pressure overshoot and bradyeardia occurring in phase IV. Numerous studies have pointed out that an intact autonomic nervous system is needed for the overshoot and bradyeardia, for if autonomic function is abolished by organic disease or drugs, these responses do not occur.4 5 12-14 The overshoot has been attributed to blood entering a constricted arterial system after having been dammed back on the venous side. ' intrathoracic pressure above 60 mm. Hg. Dawson9 reported that Weber succeeded in producing syncope and convulsions in himself, and he also gave an account of prisoners of ancient times using the same method to avoid torture. Our data do not permit a definitive explanation of the exaggerated response in pulmonary emphysema, but one may speculate on several possible mechanisms. Failure of the cardiac output due to increased intrathoracic pressure may be caused by impingement of this pressure at several different sites. These might be the ventricular or atrial walls, the pulmonary vasculature, or the venae cavae.
High intrathoracic pressure could restrict the motion of the ventricles as in cardiac tamponade, or it might collapse the thin atrial walls. Neither of these 2 possibilities appears likely, since the pulse obliteration requires several seconds to reach a maximum after the pressure is applied. One would expect that if this mechanism were to operate, it would occur as soon as the pressure was applied.
It is possible that exertion of high pressure on the pulmonary blood vessels would narrow them to such an extent that the right ventricle would be unable to generate sufficient pressure to propel blood through them. This should cause acute dilatation of the right ventricle. We have no data on this point, but evidence bearing on the problem might be obtained by observing emphysema patients under fluoroscopy during the Valsalva maneuver.
Damming back the venous return to the right ventricle is known to be a major factor in the genesis of the normal response to forced straining. This is partially overcome by a rise of venous pressure above the intrathoracic pressure. It is possible that the veins of the emphysema patient are less reactive and less able to increase their pressures in response to the challenge of the Valsalxa maneuver than are the veins of the iorrnal subject. It is also The post-straining overshoot was absent in several of the patients, particularly in the group with low cardiac output. Absence of the post-straining overshoot has been described as characteristic of congestive heart failure.3' ' 1 In our cases, subclinical failure may have been present; however, the straining portion of our curves with a striking fall-off is entirely different from that observed in congestive failure in which there is a sustained rise ill systolic pressure.
The mechanisms responsible for the emphysemia response undoubtedly also account for the susceptibility of these patients to cough syncope, for coughing is but a series of Valsalva maneuvers.23
SUMMARY
In the majority of patients with pulmonary emphysema the forced straining of the Valsalva maneuver leads to a unique circulatory response.
This "emphysema response" has 2 characteristics: marked diminution in terminal straining pulse pressure frequently to the point of obliteration, and marked delay in the return of post-straining systolic pressure to the cointrol level.
The emphysema response appears to be an exaggeration of the normal response to the Valsalva maneuver and is most marked in those patients with emphysema who have low cardiac output and small pulmonary blood volume. SUMMARIO 
